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SPECIFICATION 

CIRCUIT-CONNECTING MATERIAL AND CIRCUIT TERMINAL 
CONNECTED STRUCTURE AND CONNECTING METHOD 

TECHNICAL FIELD 
This invention relates to a circuit -connect ing 
material to be interposed between circuit electrodes 
facing each other and, the facing electrodes being 
pressed against each other, to electrically connect the 
electrodes in the pressing direction. It also relates 
to a circuit terminal connected structure and a circuit 
terminal connecting method. 




BACKGROUND ART 
Epoxy resin adhesives are widely used for 
various purposes of electric, electronic, construction, 
automobile, aircraft and so forth because they can 
attain a high bonding strength and have excellent water 
resistance and heat resistance. In particular, one-part 
epoxy resin adhesives are used in the form of films, 
pastes or powders because they make it unnecessary to 
mix the base resin and the curing agent and can be used 
with ease. In this case, it is general to attain 
specific performances by using epoxy resins, curing 
agents and modifiers in various combinations (e.g., 



Japanese Patent Application Laid-open ( KOKAI ) No. 
62-141083 ) . 

However, film type epoxy resin adhesives as 
disclosed in the above Japanese Patent Application 
Laid-open (KOKAI) No. 62-141083, though having an 
excellent operability, have been required to be heated 
at about 140 to 180°C when connected in a time of about 
20 seconds, and at about 180 to 210°C when connected in 
10 seconds . 

This is because catalyst type curing agents, 
which are inert at normal temperature, are used so that 
both short-time curability (rapid curability) and 
storage stability ( storability ) can be achieved to 
attain a better stability, and hence no sufficient 
reaction can take place when cured. 

In recent years, in the field of precision 
electronic equipment, circuits are being made higher in 
density, resulting in very small width of electrodes 
and very narrow spaces between electrodes. Hence, there 
has been a problem that the wiring comes off, separates 
or positionally deviates under connecting conditions 
for circuit-connecting materials making use of 
conventional epoxy resin adhesives. Also, in order to 
improve production efficiency, it is increasingly 
sought to shorten the connecting time to 10 seconds or 
less, making it indispensable to attain low- temperature 



rapid curability. 



DISCLOSURE OF THE INVENTION 
The present invention provides an electric and 
electronic circuit - connect ing material having a 
superior low- temperature rapid curability and also 
having a long pot life. 

A first circuit -connecting material of the 
present invention is a circuit - connect ing material 
which is interposed between circuit electrodes facing 
each other and electrically connects the electrodes in 
the pressing direction by pressing the facing 
electrodes against each other; 

the circuit - connecting material comprising as 
essential components the following components (1) to 
(3) : 

(1) a curing agent capable of generating free 
radicals upon heating; 

(2) a hydroxyl-group-containing resin having a 
molecular weight of 10 , 000 or more; and 

(3) a radical-polymerizable substance. 

As the curing agent capable of generating free 
radicals upon heating, preferred are curing agents 
having a 10-hour half-life temperature of 40°C or above 
and a 1-minute half-life temperature of 180°C or below, 
and peroxyesters are usable. 



The radical -polymerizable substance may contain 
a radical-polymerizable substance represented by the 
following chemical formula (a). 




CH 3 



OCH 2 CH 2 OCOC=CH 2 



... (a) 

5 wherein n is an integer of 1 to 3. 

As the hydroxyl-group-containing resin having a 
molecular weight of 10,000 or more, preferred are 
phenoxy resins, in particular, phenoxy resins modified 
with a carboxyl-group-containing elastomer and phenoxy 
10 resins modified with an epoxy-group-containing 
elastomer . 

A second circuit -connecting material of the 
present invention is a circuit - connecting material 
which is interposed between circuit electrodes facing 
15 each other and electrically connects the electrodes in 
the pressing direction by pressing the facing 
electrodes against each other; 

the circuit-connecting material comprising as 
essential components the following components (3) and 
20 ( 4 ) : 

(3) a curing agent capable of generating free 
radicals upon heating and having a 10-hour half-life 
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temperature of 40°C or above and a 1-minute half-life 

temperature of 180°C or below; and 

(4) a radical-polyrnerizable substance. 

As the curing agent, capable of generating free 
radicals upon heating, peroxyesters are preferred. 

The circuit - connecting material described above 
may contain an acrylic rubber. 

A third circuit -connecting material of the 
present invention is a circuit - connect ing material 
which is interposed between circuit electrodes facing 
each other and electrically connects the electrodes in 
the pressing direction by pressing the facing 
electrodes against each other; 

the circuit -connecting material having, in the 
measurement with a differential scanning calorimeter 
(DSC) at 10°C/min., an exothermic reaction arising 
temperature (Ta) within a range of from 70°C to 110°C, a 
peak temperature (Tp) of Ta + 5 to 30°C and an end 
temperature (Te) of 160°C or below. 

The above circuit - connect ing material may 
contain conductive particles. 

The circuit terminal connected structure of the 
present invention comprises a first circuit member 
having a first connecting terminal and a second circuit 
member having a second connecting terminal; 

the circuit members being disposed in such a way 



that the first connecting terminal and the second 
connecting terminal face each other; the 
circuit -connecting material described above being 
interposed between the first connecting terminal and 
the second connecting terminal which face each other; 
and the first connecting terminal and the second 
connecting terminal which face each other being 
electrically connected. 

The circuit terminal connecting method of the 
present invention comprises; 

disposing a first circuit member having a first 
connecting terminal and a second circuit member having 
a second connecting terminal, in such a way that the 
first connecting terminal and the second connecting 
terminal face each other and interposing the 
circuit-connecting material described above, between 
the first connecting terminal and the second connecting 
terminal which face each other, followed by heating and 
pressing to electrically connect the first connecting 
terminal and the second connecting terminal which face 
each other. 

The circuit terminal connected structure of the 
present invention may also comprise a first circuit 
member having a first connecting terminal and a second 
circuit member having a second connecting terminal; 

the circuit members being disposed in such a way 



that the first connecting terminal and the second 
connecting terminal face each other; a 
circuit -connecting material capable of curing upon 
radical polymerization being interposed between the 
first connecting terminal and the second connecting 
terminal which face each other; the surface of at least 
one of the first and second connecting terminals being 
formed of a metal selected from gold, silver, tin and 
platinum group metals; and the first connecting 
terminal and the second connecting terminal which face 
each other being electrically connected. 

The circuit terminal connecting method of the 
present invention may also comprise; 

disposing a first circuit member having a first 
connecting terminal and a second circuit member having 
a second connecting terminal, in such a way that the 
first connecting terminal and the second connecting 
terminal face each other and interposing a 
circuit-connecting material capable of curing upon 
radical polymerization, between the first connecting 
terminal and the second connecting terminal which face 
each other, followed by heating and pressing to 
electrically connect the first connecting terminal and 
the second connecting terminal which face each other; 

the surface of at least one of the first and 
second connecting terminals being formed of a metal 
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selected from gold, silver, tin and platinum group 
metals; and the circuit - connect ing material capable of 
curing upon radical polymerization being formed on one 
connecting terminal whose surface is formed of the 
metal selected from gold, silver, tin and platinum 
group metals, and thereafter the other <-clj:cml£ 



-L *fc» 



^trocleu . being registered, followed by the heating and 
pressing to connect them. 



BRIEF DESCRIPTION OF THE DRAWINGS 

^ Fig. 1 is a cross - sectional view showing the 

jr; 10 step of provisional connection of circuit substrates, 

nj illustrating an embodiment of the present invention. 

=N Fig. 2 is a cross - sect ional view showing the 

f, VVVUA 

r~ step of ^rovi-^ rOftaj^connection of circuit substrates, 

; y 

j=* illustrating an embodiment of the present invention. 

s-r-s 

if* 

BEST MODE FOR PRACTICING THE INVENTION 
15 Th ^ curing agent capable of generating free 

radicals upon heating, used in the present invention, 
may include peroxide compounds and azo compounds which 
are capable of being decomposed to generate free 
radicals upon heating, and may appropriately be 
20 selected in accordance with the intended connecting 

temperature, connecting time, pot life or the like. In 
view of high reactivity and pot life, organic peroxides 
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having a 10-hour half-life temperature of 40°C or above 
and a 1 -minute half-life temperature of 180°C or below 
are preferred, and organic peroxides having a 10-hour 
half-life temperature of 60°C or above and a 1-minute 
5 half-life temperature of 170°C or below are^pref erred . 

The curing agent may preferably be mixed in an 
amount of from 0.05 to 10 parts by weight, and more 
preferably from 0.1 to 5 parts by weight, based on 100 
parts by weight of the total weight of the 
10 hydroxyl-group-containing resin having a molecular 
weight of 10,000 or more and radical-polymerizable 
substance . 

The curing agent may be selected from diacyl 
peroxides , peroxydicarbonat es , peroxyesters , 
15 peroxyketals , dialkyl peroxides, hydroperoxides and 

silyl peroxides. In order to keep connecting terminals 
of the circuit member from corrosion, chloride ions or 
organic acids contained in the curing agent may 
preferably be in an amount of 5,000 ppm or less. Curing 
20 agents that may generate less organic acids after 
heating and decomposition are more preferred. 

Stated specifically, the curing agent may 
preferably be selected from peroxyesters, dialkyl 
peroxides, hydroperoxides and silyl peroxide, and may 
25 more preferably be selected from peroxyesters with 
which high reactivity can be obtained. 
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These curing agents may be used in an 
appropriate combination . 

As the peroxyesters, usable are cumyl 
peroxyneodecanoate , 1,1,3, 3 - 1 etrame thylbuty 1 
5 peroxyneodecanoate , 1 - cyclohexy 1 - 1-methyethyl 

peroxynoedecanoate , t-hexyl peroxyneodecanoate , t- butyl 
peroxypivarate , 1,1,3, 3 - tetrame thylbutyl 
peroxy-2-ethylhexanoate , 

2 , 5-dimethyl-2 , 5-di( 2 - ethy lhexanoylper oxy ) hexane , 
10 1 - cyclohexyl- 1 -methyethyl per oxy- 2 - ethylhexanoate , 
t-hexyl peroxy- 2 -ethylhexanoate , t-butyl 
peroxy- 2 -ethylhexanoate , t-butyl peroxyisobutyrate , 
1 , 1 -bis ( t-butylperoxy ) cyclohexane , t-hexyl 
per oxyisopropylmonocar bona te , t-butyl 

15 peroxy-3 , 5 , 5- trime thylhexanoat e , t-butyl peroxylaurate , 
2 , 5 -dimethyl -2 , 5 - di ( m- toluoylperoxy ) hexane , t-butyl 
peroxyisopropylmonocarbonate , t-butyl 
peroxy-2-ethylhexylmonocarbonate , t-hexyl 
peroxybenzoate , t-butyl peroxyacet at e and the like. 

20 As the dialkyl peroxides, a, a 

' -bis ( t-butylperoxy ) diisopropylbenzene , dicumyl 
peroxide , 2 , 5 -dimethyl- 2 , 5-di ( t -butylperoxy ) hexane , 
t-butylcumyl peroxide and the like may be used. 

As the hydroperoxides, diisopropylbenzene 

25 hydroperoxide, cumene hydroperoxide and the like may be 
used . 
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As the diacyl peroxides, isobutyl peroxide, 
2 , 4-dichlorobenzoyl peroxide , 3,5, 5 - 1 rime thylhexanoyl 
peroxide, octanoyl peroxide, lauroyl peroxide, stearoyl 
peroxide, succinic peroxide, benzoyl per oxy toluene , 
benzoyl peroxide and the like may be used. 

As the peroxydicarbonates , di-n-propyl 
peroxydicarbonate , diisopropyl peroxydicarbonat e , 
bis ( 4-t-butylcyclohexyl ) peroxydicarbonate , 
■di-^2 - e t hoxyme t hcJ^^y^^^o^x^iiG^rtbo-n-a-t^, 

dl ( i -Iifefe nyl D mp>hn y ^.n 1-y i r ^^ yj ]ui4 ^fH4^n a f o and the 
like may be used. 

As the peroxyketals , 
1 , 1-bis ( t-hexylperoxy ) -3,3, 5 - trime thylcyclohexane , 
1 , l-bis( t-hexylperoxy ) cyclohexane , 

1 . 1- bis ( t-butylperoxy ) -3,3, 5 - trime thylcyclohexane , 
- i',1 ( - t J j ut- y ly mJgy Juycrua^BcaiiB ? 

2 . 2- bis ( t-butylperoxy ) decane and the like may be used. 

As the silyl peroxides, t -butyltrime thyls ilyl 
peroxide, bis ( t -butyl ) dimethylsilyl peroxide, 
t- butyl trivinyls ilyl peroxide , bis ( t -butyl ) divinylsilyl 
peroxide, tris ( t -butyl ) vinylsilyl peroxide, 
t-butyltriallylsilyl peroxide, bis ( t -butyl ) diallylsilyl 
peroxide, tris ( t -butyl ) allylsilyl peroxide and the like 
may be used. 




Any of these curing agents capable of generating 
free radicals may be used alone or in combination, and 
a decomposition accelerator or inhibitor may be used in 
combination . 

5 These curing agents may also be coated with a 

polymeric substance of polyurethane type or polyester 
to be made into microcapsules. Such curing 
preferred because their pot life can be made 

radical-polymerizable substance used in the 
J; present invention is a substance having a functional 

S group capable of undergoing radical polymerization, and 

L^J may include acrylates, me thacrylates , maleimide 

compounds and the like. The radical-polymerizable 
{!: is substance may be used in the state of either of a 

?T monomer and an oligomer. Such monomer and oligomer may 

y a 

also be used in combination. 

As specific examples of the acrylates 

(methacrylates inclusive), they include methyl acrylate, 
20 ethyl acrylate, isopropyl acrylate, isobutyl acrylate, 

ethylene glycol diacrylate, diethylene glycol 

diacrylate, trime thylolpropane triacrylate, 

tetramethylolmethane t e traacrylate , 

2 -hydroxy- 1 , 3 - diacryloxypropane , 
25 2,2-bis[4-( acryloxymethoxy) phenyl ] propane , 

2,2-bis[4-( acryloxypolyethoxy ) phenyl ] propane , 



type so as 
agents are 
longer . 
10 The 
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dicyclopentenyl acrylate , tricyclodecanyl acrylate , 
tris ( acryloyloxyethyl ) isocyanurate and the like. Any 
of these may be used alone or in combination. If 
necessary, a polymerization inhibitor such as 
hydroquinones and methyl ether hydroquinones may 
appropriately be used. Also, an instance where the 
radical-polymerizable substance has a dicyclopentenyl 
group and/or a tricyclodecanyl group and/or a triazine 
ring is preferred because heat resistance is improved. 

The maleimide compounds may include those having 
at least two maleimide groups in the molecule, as 
exemplified by 1 -methyl - 2 , 4 -bismaleimide benzene, 
N , N ' -m-phenylenebismaleimide , 
N,N' -p-phenylenebismaleimide , 
N , N 1 -m- toluylenebismaleimide , 
N , N 1 - 4 , 4 -biphenylenebismaleimide , 

N,N'-4,4-(3,3 T - dimethyl -biphenylene ) bismaleimide , 
N,N'-4,4-(3,3' - dime thyldiphenylme thane ) bismaleimide , 
N,N , -4,4-(3,3 I -die thyldiphenylme thane ) bismaleimide , 
N , N 1 - 4 , 4 -diphenylmethanebismaleimide , 

N , N 1 - 4 , 4 -diphenylpropanebismaleimide , N , N 1 - 4 , 4 -diphenyl 
ether bismaleimide, N , N 1 - 3 , 3 1 - diphenyl sulfone 
bismaleimide , 

2 , 2-bis [ 4- ( 4 -maleimidophenoxy ) phenyl ] propane . 
-g-rg-H sia [3 ■ b ■■ but: j 1" ' 4 - 0 ( 4 -md l^liuldcrphGnoxy ) yliui-ij*. ] pr-opan» 
, l,l-bis[4-(4 -maleimidophenoxy ) phenyl ] dec an e , 
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4,4' -cyclohexylidene-bis [ 1- ( 4 -maleimidophenoxy ) -2-cyclo 
hexylbenzene and 

2,2-bis[4-(4 -maleimidophenoxy ) phenyl ] hexaf luoropropane . 
Any of these may be used alone or in combination. 

Use of the above radical-polymerizable substance 
in combination with a radical-polymerizable substance 
having the phosphate structure represented by the above 
chemical formula (a) brings about an improvement in 
bonding strength on the surface of an inorganic matter 
such as metal. The radical-polymerizable substance may 
preferably be mixed in an amount of from 0.1 to 10 
parts by weight, and more preferably from 0.5 to 5 
parts by weight, based on 100 parts by weight of the 
total weight of the hydroxyl-group-containing resin 
having a molecular weight of 10,000 or more and 
radical-polymerizable substance . 

The radical-polymerizable substance having the 
phosphate structure can be obtained as a reaction 
product of phosphoric anhydride with 2 -hydroxyethyl 
acrylate or methacrylat e . Stated specifically, it may 
include mono ( 2 -me thacryloyloxye thyl ) acid phosphate and 
di( 2-methacryloyloxyethyl ) acid phosphate or the like. 
Any of these may be used alone or in combination. 

As the hydroxyl-group-containing resin having a 
molecular weight of 10,000 or more, polymers suth as 
polyvinyl butyral , polyvinyl formal, polyamide, 



p 

Q 

ru 

fy 
SI 



polyester, phenol resin, epoxy resin and phenoxy resin 
may be used, which exhibit superior stress relaxation 
properties at the time of curing and bring about an 
improvement in adhesion attributable to hydroxyl groups 
5 Those obtained by modifying any of these polymers with 
radical-polymerizable functional groups are more 
preferred because heat resistance is improved.. In such 
an instance, they are hydroxyl-group-containing resins 
having a molecular weight of 10,000 or more and also 
10 radical-polymerizable substances . 

These polymers may preferably have a molecular 
weight of 10,000 or more, but those having a molecular 
weight of 1,000,000 or more tend to have poor mixing 



^ properties . 

Er; 15 As the hydroxyl-group-containing resin having a 

H; molecular weight of 10,000 or more, a 

£j hydroxyl-group-containing resin having a Tg (glass 

transition temperature) of 40°C or above and having a 
molecular weight of 10 , 000 or more may be used, and 
20 phenoxy resin may be used. The 

hydroxyl-group-containing resin having a molecular 
weight of 10,000 or more may be modified with a 
car boxy 1- group -containing elastomer , an 
epoxy-group-containing elastomer or a 
25 radical-polymerizable functional group. Those modified 
with the radical-polymerizable functional group are 
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preferred because heat resistance i. improved. 

The phenoxy resin is a resin obtained by 
allowing a bifunctionai phenol to react with an 
epihalohydrin to have a high molecular weight, or 
subjecting a bifunctionai epoxy resin an, a 
functional phenol to position reaction. State. 

v. nh1 -,ined by allowing 1 mole of 
specifically, it can be obtained by 

of an epihalohydrin in the presence of an alfcali metal 

„ _ .. ct ive solvent and at a 

o hydroxide, in a non-reactive 

. temperature of from 40 to 120°c. 

IB view of mechanical properties and thermal 
pr0 perties of the resin, particularly preferred is a 
resin obtained usin g a bifunctionai epoxy resin and a 
15 Afunctional phenol which are mixed in an equivalent 
weight ratio of epoxy g roup/phenolic hydroxyl group - 
1/0 . 9 to 1/i.L and by subjecting them to polyaddition 

x: ^ r.3taivst such as an 
reaction in the presence of a catalyst 

alKali metal compound, an organic phosphorus compound 
20 or a cyclic amine compound, in an organic solvent 

amides, ethers. Ketones, lactones or alcohols, and at 
reaction solid matter concentration of 50* by weight 
less while heating the system to 50 to 200'c. 

The bifunctionai epoxy resin may include 
bisphe„ol-A epoxy resin. bisphenol-F epoxy resin. 



16 



bisphenol-AD epoxy resin, bisphenol-S epoxy resin, and 
alkylene oxide addition products, halides (such as 
tetrabromophenol epoxy resin) or hydrogenat ion products 
of these, as well as alicyclic epoxy resins, aliphatic 
chain epoxy resins and halides or hydrogenat ion 
products of these. 

These compounds may have any molecular weight. 
Especially when reacted with the bifunctional phenol, 
those having a purity as high as possible are preferred. 

These compounds may be used in combination of some 
kinds . 

The epihalohydrin may include epichlorohydrin , 
epibromohydrin and epiiodohydrin . 

The bifunctional phenol may be any phenols so 
long as they are compounds having two phenolic hydroxyl 
groups, as exemplified by monocyclic bifunctional 
phenols such as hydroquinone , 2 -bromohydroquinone , 
resorcinol and catechol, bisphenols such as bisphenol A, 
bisphenol F , bisphenol AD and bisphenol S, 
dihydroxybiphenyls such as 4 , 4 1 - dihydroxybiphenyl , 
dihydroxyphenyl ethers such as bis ( 4 -hydroxyphenyl ) 
ether, and any of these compounds into the aromatic 
ring of the phenolic skeleton of which a straight-chain 
alkyl group, a branched alkyl group, an aryl group, a 
methylol group, an allyl group, a cyclic aliphatic 
group, a halogen atom (to form, e.g., 



tetrabromobisphenol A) , a nitro group or the like has 
been introduced, and also polycyclic bifunctional 
phenols formed by introducing a s traight - chain alkyl 
group, a branched alkyl group, an allyl group, an ally 
group with a substituent, a cyclic aliphatic group or 
an alkoxycarbonyl group into the carbon atom present at 
the center of the bisphenolic skeleton of any of these 
compounds . 

Stated specifically, the bifunctional phenol may 
include 4 , 4 1 - ( 1 -methylethylidene ) bis [ 2 -methylphenol ] , 
4,4' -methylenebis [ 2 -methylphenol ] , 

4 , 4 ' - ( 1 -methylethylidene ) bis [ 2- ( 1 -me thy le thy 1 ) phenol ] , 
4 , 4 ' - ( 1 -methylethylidene ) bis [ 2- ( 1 , 1 -me thylpropyl ) phenol 
] , 

4 , 4 ' - ( l-methylethylidene)bis [ 2- ( 1 , 1 -dimethylethyl ) pheno 
1], tetramethylbisphenol A, tetramethylbisphenol F, 
4,4' -methylenebis [ 2 , 6 -bis ( 1 , 1 -dimethylethyl ) phenol ] , 
4,4'- ( 1 -methylethylidene) bis [ 2 , 6-di( 1 , 1 - dimethylethyl ) p 
henol ] , 

4 , 4 ' - ( 1 -methylethylidene) bis [ 2- ( 2 -propenyl ) phenol ] , 
4,4' -methylenebis [ 2- ( 2 -propenyl ( phenol ) , 

4 , 4 1 - ( 1 -methylethylidene ) bis [ 2 - ( 1 - phenylethyl ) phenol ] , 

3 , 3 ' -dimethyl [ 1,1' -biphenyl] -4 , 4 1 -diol, 

3 , 3 ' , 5 , 5 1 -tetramethyl [1,1' -biphenyl ] - 4 , 4 ' -diol , 

3 , 3 ' , 5 , 5 ' -tetra-t- butyl [ 1 , 1 1 -biphenyl] -4 , 4 1 -diol, 

3 , 3 1 -bis ( 2 -propenyl ) - [ 1 , 1 1 -biphenyl ] - 4 , 4 1 -diol , 
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^ ~\ ft hvdroxymethylph 
4 , 4 .. (1 - m e t n Y le W lidene),is [2 - m etn yl -6- h y d r 

„n tetramethylolbisphenol A. 
, 3 , 5 5 '-tetrakis(hydroxYmethyl) 

, ol ' 44 .. (l -..«*l.«^^ 

4 4 ..(i-methylethyl 1 dene)b 1 s[2 cy 
; 4 , methyl ene b , ( ,c Y c 1 o h e Xyl - 5 --^P- 1 , 

4 4 .. (1 - m ethylpropylidene)bisphenol. 
4 4 .. (1 -methymeptylidene)bisphenol. 
4 4 .. (1 - m et h yloctylidene)bisphenol. 
4 . 4 ■ - ( 1 . 3 - dimetby Ibuty lidene ) bispbenol . 

4 ' 4 .. (2 -ethylbexylidene)bispbenol, 

MM 2 -metbylpropylidene )bisphenol . 

4,4'-propylidenebisphenol, 

4 4 • - ( 1 - ethy ipropylidene ) bispbenol . 
5 4 ' 4 • - ( 3 -metbylbutylidene ) bispbenol . 
4(4 .-(l-pbenylethylidene)bis P benol, 

4 . 4 ■ - ( pheny imethylene ) bispbenol . 

4 ' 4 .-(diphenylmethylene)bispbenol. 

^...^^-nitropbenyDetbylidene^bispbenol. 

4 4 .. ( 4-bro m opbenyl)metbylenebispbenol. 
4 ' 4 ,_ ( 4-cbloropbenyl) m etbylenebispbenol, 

v, n«iimethylenebisphenol, 
4 , 4 ..(4-fluorophenyl>met h y ^..ethyle 

25 thyDP^enol] , 

^.^-^ylpropyl^.^U-^ylpnencU. 
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4 , 4 ' - ( 1-phenylethylidene) bis [ 2-methylphenol] , 
,ii 4J. --H=^ 3 ^T r ^^ s-? 3 ^-tri rnrf hyl phnnnl, , 

4 , 4 ' - ( phenylethylidene ) bis [ 2 - ( 1 , 1 -dime thy let hyl ) phenol ] 



4 , 4 1 - ( 1-methylpropylidene ) bis [ 2 - cyclohexyl - 5 -me thylphen 

ol ] , 4 , 4 1 - ( 1-phenylethylidene ) bis [ 2 -phenylphenol ] , 

4,4' -butylidenebis [ 3 -methyl- 6- ( 1 , 1 - dime thy let hyl ) phenol 

] . ^- hyaroVy-r/- [ 4 ' n^drbxyylieuy 1 %Miie Lhy lbenzeuti tos-L^c 

c^id^ mot hyl — ©^£^&, [ ±Ljl ^cAcJA 



.arrJld trb- hyl ey fe-ej , 4 -hydroxy-a- ( 4 -hydroxyphenyl ) benzene 
acetic acid butyl ester, t e t rabromobisphenol A, 
tetrabromobisphenol F , tetrabromobisphenol AD, 
4 , 4 ' - ( 1-methylethylene )bis [ 2 , 6 - dichlorophenol ] , 

15 4 , 4 1 - ( l-methylethylidene)bis [ 2 - chlorophenol ] , 

4 , 4 1 - ( 1 -methylethylidene ) bis [ 2 -chloro- 6 -me thylphenol ] , 
4 , 4 1 -methylenebis [ 2 - f luorophenol ] , 
4,4' -methylenebis [ 2 , 6 - dif luorophenol ] , 
4,4' -isopropylidenebis [ 2 - f luorophenol ] , 

20 3 , 3 ' -dif luoro- [1,1' -diphenyl] -4 , 4 1 -diol , 

3 , 3 ' ,5,5' - tetraf luoro- [1,1' -biphenyl] -4 , 4 ' -diol , 
4,4'- (phenylmethylene) bis [ 2 - f luorophenol ] , 
4 , 4 1 - ( 4-f luorophenyl ) methylenebis [ 2 -f luorophenol ] , 
4 , 4 1 - ( phenylmethylene ) bis [ 2 , 6 - dif luorophenol ] , 

25 4 , 4 ' - ( 4-f luorophenyl ) methylenebis [ 2 , 6 - dif luorophenol ] , 
4,4'- ( diphenylme thylene ) bis [ 2 - f luorophenol ] , 
4 ,4 1 - ( diphenylmethylene ) bis [ 2 , 6 - dif luorophenol ] , 



20 



* 



4 , 4 * - ( 1 -methylethylene ) bis [ 2 -nitrophenol ] and the like. 
The polycyclic bifunctional phenols other than 

these may include 1 , 4 -naphthalene diol, 1 , 5 - naphthalene 

diol, 1 , 6-naphthalene diol, 1 , 7 - naphthalene diol, 
5 2 , 7 -naphthalene diol, 4 , 4 ' -dihydroxydiphenyl ether, 

bis ( 4 -hydroxyphenyl ) methanone , 

4 , 4 1 -cyclohexylidenebisphenol , 

4 , 4 ' -cyclohexylidenebis [ 2 -me thy Iphenol ] , 

4,4' -cyclopentylidenebisphenol , 
10 4 , 4 ' -cyclopentylidenebis [ 2-methylphenoJ, 1 , . 
1 1 ^ y u l u liex T vlld gTre'[-2-T ^ dimcthjlyhmi u U r' 

4,4' -cyclohexylidenebis [ 2- ( 1 , 1 -dime thy let hyl ) phenol ] , 

4, 4 1 -cyclohexylidenebis [ 2 -cyclohexylphenol ] , 

4 , 4 1 - ( 1 , 2 -ethanediyl ) bis phenol , 
15 4,4 1 -cyclohexylidenebis [ 2 -phenylphenol ] , 

4 , 4 1 - [ 1 , 4-phenylenebis ( 1 -methylethylidene ) ] bis [ 2 -methyl 

phenol] , 

4 , 4 1 - [ 1 , 3 -phenylenebis ( 1 -methylethylidene ) ] bisphenol , 
4 , 4 ' - [ 1 , 4-phenylenebis ( 1 -me thylethylidene ) Jbisphenol, 
20 4 , 4 ' - [ 1 , 4-phenylenebis ( 1 -methylethylidene ) ] bis [ 2 -methyl 
- 6 -hydroxymethylphenol ] , 

4 - { 1- [ 4- ( 4 -hydroxy- 3 -me thylphenyl ) - 4 -me thylcyclohexyl ] - 
1 -me thy let hyl} -2 -me thy Iphenol , 

4-{l- [4- ( 4-hydroxy-3 , 5 - dimethylpheny 1 ) - 4 -me thylcyclohex 
25 yl] -1 -me thy let hyl} -2 , 6 - dime thy Iphenol , 

4 , 4 ' - ( 1 , 2 -ethanediyl) bis [ 2 , 6-di- ( 1 , 1 - dime thy let hyl ) phen 
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ol ] , 4 , 4 ' - ( dimethyls ilylene ) bis phenol , 

1 , 3 -bis ( p-hydroxyphenyl ) - 1 , 1 , 3 , 3 - t etrame thyldisiloxane , 
silicone oligomers both-end terminated with 
p-hydroxyphenyl groups, and 2 , 2 ' -me thylidenebisphenol , 
2 , 2 1 -methylethylidenebisphenol , 

2 , 2 ■ -ethylidenebisphenol or the like into the aromatic 
ring of the phenolic skeleton of which a s traight - chain 
alkyl group, a branched alkyl group, an aryl group, a 
methylol group or an allyl group has been introduced. 

Stated specifically, the las t -mentioned ones may 
include 2 , 2 ' -me thylidenebis { 4 -me thylphenol ] , 
2,2' -e thylidenebis [ 4 -me thylphenol ] , 
2,2' -me thylidenebis [ 4 , 6 - dime thylphenol ] , 
2 , 2 1 - ( 1-methylethylidene ) bis [ 4 , 6 -dime thylphenol ] , 
2 , 2 1 - ( 1 -methylethylidene ) bis [ 4-sec-butylphenol ] , 
2,2' -methylidenebis [ 6- ( 1 , 1 - dimethylethyl ) - 4 -me thylpheno 
1 ] , 2,2' -e thylidenebis [ 4 , 6-di( 1 , 1 -dimethylethyl ) phenol ] , 
2,2' -methylidenebis [ 4 -nonylphenol ] , 

2 , 2 1 -methylidenebis [ 3 -methyl- 4 , 6-di( 1 , 1 - dime thy lethyl ) p 
henol ] , 

2 , 2 1 - ( 2-methylpropylidene) ]bis [ 2 , 4 - dimethylphenol ] , 
2 , 2 ' -ethylidenebis [ 4- ( 1 , 1 -dimethylethyl ) phenol ] , 
. 13 , 2 ' . mo Lhyilduaubljj ( 7 \ , 1 rli t butvl- S -mftfhylphn.nn 1 4 
2,2' -methylidenebis ( 4 -phenylphenol ) , 

2,2' -methylidenebis ( 4 -methyl- 6 -hydroxyme thylpheno 1 ) , 
2 , 2 1 -methylenebis [ 6- ( 2 -propenyl ) phenol ] and the like. 
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These compounds may be used in combination of some 
kinds . 

Solution formed after the reaction is completed 
may be purified by reprecipitat ion using a bad solvent 
such as methanol to obtain the product as a solid 
phenoxy resin. The phenoxy resin thus produced may be 
used in combination of two or more. 

To achieve the object of the present invention, 
the phenoxy resin may preferably be a resin comprised 
of a first constituent unit represented by the 
following Formula (I) and/or a second constituent unit 
represented by the following Formula (II) and 
containing at least one first constituent unit in the 
molecule. In a case where a copolymer having both the 
first constituent unit and the second constituent unit 
is used as the phenoxy resin, the phenoxy resin may 
preferably contain at least 10 mole% of the first 
constituent unit, and may more preferably in a 
copolymerization ratio of first constituent unit : 
second constituent unit = 2 : 8 to 8 : 2 . In a case where 
two or more typ'es of phenoxy resins are used, at least 
one of them may preferably be comprised of the first 
constituent unit and/or the second constituent unit and 
contain at least one first constituent unit in the 
molecule. 
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( I ) 



(II) 



r6 R 8 OH 



In the formulae, R 1 to R 4 are each independently 
selected from a hydrogen atom, an alkyl group having 1 
to 4 carbon atoms (such as a methyl group, an ethyl 
group, a propyl group, a butyl group, an isopropyl 
group or an isobutyl group) and an electron- withdrawing 
group. At least one of R 1 to R 4 is an electron- 
withdrawing group. The electron -withdrawing group 
refers to a group whose Hammett's substituent constant 
a has the positive value ("Chemical Dictionary", 
pp. 833-834, 1986, Morikita Publish. Inc.). It may 
include, e.g., halogens such as a fluorine atom, a 
chlorine atom and a bromine atom, a trif luorome thyl 
group, a trichloromethyl group, a tribromomethyl group, 
a nitro group, a nitrile group, alkoxyl groups such as 
a methoxyl group and an ethoxyl group, a carboxyl group, 
alkylcarbonyl groups such as a methylcarbonyl group and 
an ethylcarbonyl group, alkoxycarbonyl groups such as a 
methoxycarbonyl group and an e thoxycarbonyl group, and 
alkylsulf onyl groups. The halogens are preferred. 



R to R are each independently selected from a 
hydrogen atom and an alkyl group having 1 to 4 carbon 
atoms (such as a methyl group, an ethyl group, a propyl 
group, a butyl group, an isopropyl group or an isobutyl 
5 group ) . 

X 1 and X 2 each represent a divalent organic group 
or linkage. There are no particular limitations on the 
divalent organic group represented by X 1 and X 2 , For 
example, it may include the following. 



iy 
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H3C-CH-CH3 




and -CH 2 — CH 2 — 



The phenoxy resin as described above can be 
obtained by using synthesis materials at least one of 
which is the bifunctional epoxy resin and/or 
bifunctional phenol which have a hydrogen atom, an 
alkyl group having 1 to 4 carbon atoms or an 
electron- withdrawing group . 

As specific examples of such an phenoxy resin, 
it may include, e.g., a random copolymer comprised of c 
repeating unit represented by the following structural 
formula (III) and a repeating unit represented by the 
following structural formula (IV): 



CH 3 




CH 3 



■CH 2 — CH — CH, 
I 

OH 



(III) 




O — CH 2 ~ CH— CH 2 " 
OH 



(IV) 



a polymer comprised of a repeating unit represented by 
the following structural formula (V) : 



_ pH 3 

"° "O^f ^Q~°~ 01 " f H - ch 2 -o 



CH 3 



OH 




/T~0 — CH 2 ~" CH — CH 2 " 
OH 



(V) 
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a polymer comprised of a repeating unit represented by 
the following structural formula (VI): 



0 - CH 2 — CH — CH 2 — 0 



OH 



Br CH 3 Br 




O — CH 2 -CH-CH, 



OH 



(VI) 



a polymer comprised of a repeating unit represented by 
the following structural formula (VII): 



and the like. 

In order for cured products to exhibit excellent 
properties such as flexibility, toughness and 
film-forming properties, a phenoxy resin is used which 
preferably has an average molecular weight 
(weight-average molecular weight in terms of 
polystyrene as measured by gel permeation 
chromatography) of at least 10,000, more preferably at 
least 20,000, and still more preferably at least 30,000. 
As commercially available products, it may include, 
e.g., PKHH and PAH J (available from Union Carbide 




(VII) 
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Corporation), YPB-43C, YPB- 43D , YPB-43G, YPB-43m and 
YP-50 or YPB - 4 0ASB2 5 and YPB-40AM40 (available from 
Tohto Kasei Co., Ltd.), which may be purified by 
reprecipitat ion . 

The carboxyl-group-containing elastomer and the 
epoxy-group-containing elastomer may be any elastomers 
so long as they are those having a carboxyl group or 
epoxy group at the molecular terminal or in the 
molecular chain, including, e.g., butadiene copolymers, 
acrylic copolymers, polyether-ure thane rubbers, 
polyester-urethane rubbers , polyamide-urethane rubbers 
and silicone rubbers. Butadiene type polymers are 
preferred. Incidentally, the butadiene type polymers 
may include butadiene polymer, butadiene-styrene 
copolymer, but adiene - acrylonitrile copolymer and the 
like. In particular, but adiene - acrylonitrile copolymer 
is preferred. 

The carboxyl-group-containing elastomer may 
preferably have a weight - average molecular weight 
ranging from 500 to 1,000,000, more preferably from 
1,000 to 800,000, and still more preferably from 1,000 
to 10,000. 

The quantity of a component compatible with the 
phenoxy resin contained in the elastomer skeleton may 
preferably be so determined that the phenoxy phase and 
the elastomer phase may be kept phase - separated , 
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because the both may dissolve mutually if such a 
component is in a large quantity. The quantity of this 
component can be regulated as desired in accordance 
with the structure ( SP value) of phenoxy resins and the 
heat resistance and mechanical strength of resins 
having been modified. For example, in the case of the 
butadiene-acrylonitrile copolymer, the content of the 
acrylonitrile may preferably be set to be not more than 
40% by weight, more preferably from 5 to 40% by weight, 
and still more preferably from 10 to 30% by weight. As 
commercially available products, it may include, e.g., 
HYCAR CTBN1300X31, HYCAR CTBN1300x8, HYCAR CTBN1300xl3, 
HYCAR CTBNX1300X9, HYCAR CTBNX1 0 0 9 - SP and HYCAR 
CTB200xl62 (available from Ube Industries, Ltd.), NIPOL 
DN 601 (available from Nippon Zeon Co., Ltd.), Nisso PB 
C-1000, C-2000 (available from Nippon Soda Co., Ltd.), 
and ELC-4 (available from Japan Synthetic Rubber Co., 
Ltd. ) . 

When the s gea 1 i n , g . molding material of the present 
invention is used for electronic parts and devices such 
as semiconductors, ionic impurities in the material may 
preferably be made as less as possible. Accordingly, in 
these carboxyl-group-containing elastomers, too, alkali 
metal ions such as Na + and K + in the polymer may 
preferably be not more than 10 ppm , and more preferably 
not more than 5 ppm, and CI" may preferably be not more 
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than 400 ppm, more preferably not more than 100 ppm, 
and still more preferably not more than 40 ppm. 

Such a phase-separated structural product of the 
present invention can be produced, e.g., in the 
following way. 

First, the phenoxy resin is dissolved in a 
solvent, and the carboxyl-group-containing elastomer is 
dissolved in the resultant solution (the volume ratio 
of the phenoxy resin and the elastomer may be set as 
desired in accordance with the target values of 
flexibility, toughness and bonding strength of cured 
products, required in purposes for which the products 
are used, where the ratio of phenoxy resin : elastomer 
may preferably be in the range of from 60:40 to 90:10, 
and more preferably from 66:33 to 87:13). 

The solvent used when produced may be any 
solvents so long as they are those capable of 
dissolving the phenoxy resin and 

carboxyl-group-containing elastomer. In an instance 
where a blocked isocyanate, described later, is added 
to the solution formed after heat-mixing, the solvent 
must be a solvent inert to isocyanate groups. 

Next, the interior of the solution is well 
displaced with nitrogen, and thereafter the solution is 
mixed with stirring while heating it at about 100°C to 
about 220°C, and preferably about 130°C to about 180°C, 
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in an atmosphere of nitrogen until the solution becomes 
semitransparent or transparent at normal temperature 
and preferably it comes to have a constant value of 
viscosity. The heat-mixing may preferably be carried 
out while refluxing the solvent. 

The elastomer-modified phenoxy resin solution 
thus formed after the heat-mixing is completed may be 
purified by reprecipitat ion using a bad solvent such as 
methanol to obtain the product as a solid 
phase-separated structural product. The mechanism of 
such modification is unclear, but it has been 
ascertained that, in spectra before and after 

modification, the integral value corresponding to 
protons of the methine bonded to the hydroxyl group in 
the phenoxy resin skeleton has decreased after 
modification. It has also been ascertained that, in 
FT- IR (Fourier-transform infrared absorption) spectra, 
remarkable changes have occurred in the spectra in the 
regions of from 3,460 cm" 1 to 3,560 cm" 1 and from 1,610 
cm" 1 to 1,640 cm" 1 which are not seen in products 
obtained by merely blending elastomers. From these 
facts, it is presumed that at least part of carboxyl 
groups of the carboxyl-group-containing elastomer and 
at least part of hydroxyl groups of the phenoxy resin 
form an ester linkage. 

In the elastomer-modified phenoxy resin which is 
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obtained in this way, the phenoxy resin and the 
carboxyl-group-containing elastomer make up phase 
separation, and this phase- separated structural product 
alone can form an optically transparent or 
semitransparent film-like product. Such a film-like 
product, when formed in a layer thickness of 75 urn, may 
preferably have a light transmit tance at 500 nm 
wavelength, of 10% or more with respect to the light 
transmittance of air. The light transmit tance may more 
preferably be from 20 to 90%, and still more preferably 
from 30 to 85%. 

Whether or not the phase separation has been 
made up can be ascertained by observation with a 
scanning or transmission electron microscope or an 
atomic force microscope or by dynamic viscoelas ticity 
measurement, light scattering or small-angle X-ray 
scattering ("Polymer Blends", pp. 80-124, CMC Co. Ltd.). 

For example, in the dynamic viscoelast icity 
measurement, it may be ascertained by the phenomenon 
that the tan& (loss elastic modulus G"/storage elastic 
modulus G 1 ) peak of principal dispersion of the 
elastomer phase and the tan6 peak of principal 
dispersion of the phenoxy resin phase are present 
independently . 

The phase-separated structural product of the 
present invention may preferably have a microscopic 
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+»A structure wherein, in a scanning 
phase-separated structure 

ele ctron horoscope of the '" 4a "' 
easterner phase ana the P—oxy resin phase are 

aspersed in -e £ o» of very small = ° f 

— o^o,,.— .3. Sue.. 
£1 lm-li*e Pro^t Of phase-separated structure stands 
optlcally transparent or semitransparent . More 
specifically, the light transmittance of the 
pnase-separated structural pro.net of the present 
mention, when formed in the film— — ' 

^ 75 urn is 10% or more with respect to 
layer thickness of 75 \u&. 

the light transmittance of air. 

The phase-separated structure of the 
ela stomer-modified phenoxy resin obtained in the 

, a~ ~ a the microscopic 
1S present invention may include, e.g.. 

a rt-f the elastomer phase 
phase- separated structure formed of the 

and phenoxy resin phase, and a microscopic 
phaS e-separated structure formed of microscopic domains 

, - ^ K ~rf± structures 
connected with one another, wh.ch are 

2 „ hitherto unknown in the mixing of 

car b oxyl-group-containing elastomers with phenoxy 
re sins. such a microscopic phase-separate, structure is 

improvement in housing strength to 

Th e hydroxyl-group-containing resin having a 

molecular weight of 10.000 or more and the 
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radical-polymerizable substance may preferably be 
formulated in such amounts of 

( hydroxyl-group-containing resin having a molecular 
weight of 10,000 or more/radical-polymerizable 
substance) of from 10/90 to 90/10, and more preferably 
from 30/70 to 70/30, in weight ratio. 

In the circuit -connecting material of the 
present invention, a copolymer acrylic rubber which is 
a polymer or copolymer having as a monomer component at 
least one of acrylic acid, acrylate, methacrylate and 
acrylonitrile and contains glycidyl acrylate or 
glycidyl methacrylate containing a glycidyl ether group 
may also be used in combination. Such a material brings 
about superior stress relaxation, and is preferred. The 
acrylic rubber may preferably have a molecular weight 
(weight average) of 200,000 or more in view of an 
improvement of cohesive force of adhesives. 

The circuit -connecting material may also contain 
a filler, a softener, an accelerator, an anti-aging 
agent, a colorant, a flame retardant , a thixotropic 
agent, a coupling agent and a phenol resin, as well as 
a melamine resin, a kind of isocyanates and the like. 

The material containing a filler can improve 
connection reliability and so forth, and is preferred. 
The filler may be used so long as its maximum particle 
diameter is smaller than the particle diameter of the 
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conductive particles, and may preferably be added in an 
amount ranging from 5 to 60 parts by volume based on 
100 parts by volume of the adhesive resin component. 
Its addition in an amount more than 60 parts by volume 
5 may saturate the effect of improving reliability, and, 
in an amount less than 5 part by volume, may bring 
about less effect of addition. 

As the coupling agent, those containing a vinyl 
group, an acrylic group, an amino group, an epoxy group 
_ 10 or an isocyanate group are preferred in view of an 

2 improvement of adhesion. 

m 

rj The circuit-connecting material of the present 

y invention is a connecting material which is interposed 

p between circuit electrodes facing each other and 

^ 15 electrically connects the electrodes in the pressing 

direction by pressing the facing electrodes against 

j3 each other, wherein it has, in measurement with a 

a* 

differential scanning calorimeter (DSC) at 10°C/min., an 
exothermic reaction arising temperature (Ta) within a 
20 range of from 70°C to 110°C, a peak temperature ( Tp ) of 
Ta + 5 to 30°C and an end temperature (Te) of 160°C or 
below . 

Conventional epoxy resin film-like adhesives, 
though having an excellent operability, have been 
25 required to be heated at about 140 to 180°C when 

connected in a time of about 20 seconds, and at about 
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180 to 210°C when connected in 10 seconds. This is 
because catalyst type curing agents, which are inert at 
normal temperature, are used so that both short-time 
curability (rapid curability) and storage stability 
( storability ) can be achieved to attain a better 
stability, and hence no sufficient reaction can take 
place when cured. In recent years, in the field of 
precision electronic equipment, circuits are being made 
higher in density, resulting in very small width of 
electrodes and very narrow spaces between electrodes. 
Hence, there has been a problem that the wiring comes 
off, separates or positionally deviates under 
connecting conditions for circuit-connecting materials 
making use of conventional epoxy resin adhesives. Also, 
in order to improve production efficiency, it is 
increasingly sought to shorten the connecting time to 
10 seconds or less, making it indispensable to attain 
low- temperature rapid curability. 

The circuit -connecting material of the present 
invention can provide an electric and electronic 
circuit -connecting material which can cure upon heating 
at 140 to 180°C for about 10 seconds to connect circuit 
electrodes, and also has a relatively long pot life at 
room temperature. 

The circuit -connecting material of the present 
invention, even when it does not contain any conductive 
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Particles, can achieve connection by bringing the 
facing circuit electrodes into direct contact when 
connected, but stabler connection can be achieved in a 
case where it contains conductive particles. 

The conductive particles may include particles 
of metals such as Au, Ag, Ni , Cu and solder or carbon. 
In order to attain a sufficient pot life, they may 
preferably have surface layers formed of not a 
transition metal such as Ni or Cu but a noble metal 
such as Au, Ag or a platinum group metal, and more 
preferably be formed of Au . Particles comprising a 
transition metal such as Ni and surf ace - coat ed with a 
noble metal such as Au may also be used. In a case of 
particles comprising non - conduct ive , glass or ceramic 
or plastic and on which the above conductive layers 
have been formed by coating to provide outermost layers 
of a noble metal and cores of plastic,, or in a case of 

A- 

heat-fusion metal particles, the particles are 
deformable upon heating and pressing and hence can have 
a larger area of contact with electrodes at the time of 
connection, bringing about an improvement in 
reliability. Thus, such particles are preferred. Such 
coat layers of a noble metal may preferably be in a 
thickness of 100 A or larger in order to attain a good 
resistance. However, in a case where layers of a noble 
metal are provided on particles of a transition metal 
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such as Ni , it may preferably be in a thickness of 300 
A or larger, since free radicals generated by the redox 
action caused when, e.g., the noble-metal layers come 
off during the mixing and dispersion of conductive 
5 particles may cause a lowering of storage stability. 
The conductive particles are used properly in 
accordance with purposes, within the range of from 0.1 
to 30 parts by volume based on 100 parts by volume of 
the adhesive resin component. In order to prevent 
10 adjoining circuits from short-circuiting because of any 
excess conductive particles, the conductive particles 
may more preferably be used within the range of from 
0.1 to 10 parts by volume. 

The circuit-connecting material may also be 
15 separated into two or more layers , and separated into a 
layer containing the curing agent capable of generating 
free radicals upon heating and a layer containing the 
conductive particles. In such an instance, it can be 
improved in pot life. 
20 The circuit -connecting material of the present 

invention may also be used as a film-like adhesive for 
bonding IC chips to a chip -mount ing substrate or for 
bonding electric circuits mutually. 

The circuit -connecting material of the present 
25 invention may still also be used when semiconductor 
chips are bonded and fastened to a substrate with an 
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adhesive film by face-down bonding and at the same time 
electrodes of the both are electrically connected to 
one another. 

More specifically, a first circuit member having 
first connecting terminals and a second circuit member 
having second connecting terminals may be disposed in 
such a way that the first connecting terminals and the 
second connecting terminals face each other, and the 
circuit -connecting material (film-like adhesive) of the 
present invention may be interposed between the first 
connecting terminals and the second connecting 
terminals which face each other, followed by heating 
and pressing to electrically connect the first 
connecting terminals and the second connecting 
terminals which face each other. 

As such circuit members, chip component parts 
such as semiconductor chips, resistor chips and 
capacitor chips and substrates such as printed- wiring 
substrates are used. 

Usually, in these circuit members, a large 
number of connecting terminals (which may be in a 
singular number as occasion calls) are provided. At 
least one set of the circuit members are disposed in 
such a way that at least part of the connecting 
terminals provided on these circuit members face each 
other, and the adhesive is interposed between the 
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connecting terminals facing each other, followed by 
heating and pressing to electrically connect the 
connecting terminals facing each other. 

At least one set of the circuit members is 
heated and pressed, whereby the connecting terminals 
facing each other can electrically be connected in 
direct contact or via conductive particles of an 
anisotropic conductive adhesive. 

In the circuit-connecting material of the 
present invention, the adhesive melt-flows at the time 
of connection and, after the circuit electrodes facing 
each other have been connected, cures to keep the 
connection, thus the fluidity of the adhesive is an 
important factor. Using glass sheets of 0.7 mm thick 
and 15 mm x 15 mm in size and when a circuit - connect ing 
material of 35 urn thick and 5 mm x 5 mm in size is held 
between the glass sheets and these are heated and 
pressed at 150°C and 2 MPa for 10 seconds, the value of 
fluidity (B)/(A) expressed on the basis of an initial 
area (A) and an area (B) after heating and pressing may 
preferably be from 1.3 to 3.0, and more preferably from 
1.5 to 2.5. If the value is less than 1.3, the fluidity 
may be so poor as to enable no good connection in some 
cases. If it is more than 3.0, air bubbles tend to 
occur to make reliability poor in some cases . 

The circuit -connecting material of the present 



42 



invention may preferably have a modulus of elasticity 
of from 100 to 2,000 MPa, and more preferably from 
1,000 to 1,800 MPa, at 40°C after curing. 

The circuit terminal connecting method of the 
present invention is characterized in that the 
circuit -connecting material capable of curing upon 
radical polymerization is formed on one circuit 
electrode whose surface is formed of a metal selected 
from gold, silver, tin and platinum group metals, and 
thereafter the other circuit electrode is registered, 
followed by heating and pressing to connect them. 

The circuit electrode connected structure of the 
present invention is a circuit electrode connected 
structure wherein circuit electrodes facing each other 
is electrically connected via a circuit -connect ing 
material, and is characterized in that the surface of 
at least one of the facing connecting terminals is 
formed of a metal selected from gold, silver, tin and 
platinum group metals and the circuit-connecting 
material is a circuit - connect ing material capable of 
curing upon radical polymerization. 

As the circuit-connecting material capable of 
curing upon radical polymerization, an anisotropic 
conductive adhesive containing conductive particles may 
be used. As the conductive particles of such an 
anisotropic conductive adhesive, conductive particles 
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are used whose surfaces are formed of a noble metal 
selected from gold, silver and platinum group metals. 

As a result of extensive studies on connecting 
methods of electrically connecting circuit electrodes 
facing each other by the use of adhesives capable of 
curing upon radical polymerization, good electrical 
connection can be attained when the surface of at least 
one of the facing connecting terminals is formed of 
gold, silver, a platinum group metal or tin, and a 
radical-polymerizable adhesive is laid and formed on 
that surface (provisional connection), followed by main 
connection . 

Fig. 1 is a cross - sectional view showing the 
step of provisional connection of circuit substrates, 
illustrating an embodiment of the present invention. 
Fig. 2 is a cross - sectional view showing the step of 
main connection of circuit substrates, illustrating an 
embodiment of the present invention. In these figures, 
reference numerals 1 and 2 denote substrates; 1-a and 
2-a, circuit electrodes; 3, an adhesive; 4, conductive 
particles; and 5, a hot plate. 

The substrate 1 used in the present invention is 
an insulating substrate made of _sjjLi-e€rm* or gallium 
arsenic as in semiconductor chips, or glass, ceramic, a 
glass-epoxy composite or plastic, and the substrate 2 
facing this substrate is also made of the similar 
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material. 

The circuit electrodes 1-a are provided on the 
surface of the substrate 1, using copper foil, and gold 
surface layers are formed thereon. The surface layers 
are formed of gold, silver, a platinum group metal or 
tin, any of which may be selected and any of which may 
be used in combination. Also, a plurality of metals may 
be combined in the manner of, e.g., copper /nickel/gold 
to provide multi-layer configuration. The circuit 
electrodes 2-a are provided on the surface of the 
substrate 2, using copper foil, and tin surface layers 
are formed thereon. 

The substrates provided with the circuit 
electrodes may preferably previously be subjected to 
heat treatment before the step of connection carried 
out using the circuit - connecting material in order to 
eliminate the influence of the volatile component due 
to heating at the time of connection. The heat 
treatment may preferably be made under conditions of a 
temperature of 50°C or above for 1 hour or longer, and 
more preferably a temperature of 100°C or above for 5 
hours or longer. 

The adhesive 3 is an adhesive comprised 
essentially of the curing agent capable of generating 
free radicals upon heating and the radical - curable 
substance, or may be the radical - curable anisotropic 
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conductive adhesive having conductive particles 
dispersed therein in a prescribed quantity. In the 
latter, the conductive particles may preferably have 
surfaces formed of a noble metal selected from gold, 
5 silver or a platinum group metal. The adhesive 3 is 
laid and formed (provisional connection) on the 
substrate 1 . 

As shown in Fig. 2, after the provisional 
connection, the circuit electrodes 1-a of the substrate 
10 1 and the circuit electrodes 2-a of the substrate 2 are 
registered, and heat and pressure are applied from the 
upper part of the substrate 2 by means of the hot plate 
5 for a prescribed time to complete the main connection. 
When circuit electrodes are connected using a 
15 radical-curable adhesive having a good reactivity and 
using circuit electrodes whose surfaces are formed of 
transition metal such as nickel or copper, radical 
polymerization inevitably proceeds because of redox 
action after the radical-curable adhesive is laid and 
20 formed (provisional connection) on the circuit 

electrodes and thereafter left for a certain period of 
time, so that the adhesive may flow with difficulty to 
enable no sufficient electrical connection at the time 
of main connection. However, the present invention 
25 enables electric and electronic circuit connection 

promising a low- temperature curability superior to, and 
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a longer pot life than, those of conventional epoxy 
resin types . 

At least one of the substrates provided with the 
circuit electrodes may be subjected to heat treatment 
at a temperature of 50°C or above for 1 hour or longer. 

Example 1 

50 g of phenoxy resin (available from Union 
Carbide Corp.; trade name: PKHC; average molecular 
weight: 45,000 ) was dissolved in a 50/5.0 (weight ratio) 
mixed solvent of toluene (boiling point: 110. 6°C; SP 
value: 8.90) and ethyl acetate (boiling point: 77.1°C; 
SP value: 9.10) to form a solution with a solid content 
of 40%. 

As the radical-polyrnerizable substance, 
trihydroxyethyl glycol dimethacrylate (available from 
Kyoeisha Chemical Co., Ltd.; trade name: 80MFA) was 
used . 

As the free-radical-generating agent, a 50% by 
weight DOP solution of t-hexylperoxy-2-ethyl hexanoate 
(available from Nippon Oil & Fats Co., Ltd.; trade 
name: PERCURE HO) was used. 

On the surfaces of polystyrene-core particles, 
nickel layers of 0 . 2 \xm thick were provided. On the 
outsides of the nickel layers formed, gold layers of 
0.04 pm thick were provided. Thus, conductive particles 
of 10 [am in average particle diameter were produced. 
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The phenoxy resin, the trihydroxye thyl glycol 
dimethacrylate resin and the t-hexyl 

peroxy- 2 - e thylhexanoat e were formulated in amounts of 
50 g, 50 g and 5 g, respectively, in solid weight ratio, 
and the conductive particles were further mixed and 
dispersed in an amount of 3 parts by volume based on 
100 parts by volume of the resin component. The 
resultant dispersion was coated on a one-side 
surf ace- treated PET film of 80 jxm thick by means of a 
coater, followed by hot-air drying at 70°C for 10 
minutes to obtain a circuit -connect ing material having 
an adhesive layer of 35 urn thick. 

Using the above circuit - connect ing material, 
flexible printed circuit boards (FPCs) each having 500 
lines of copper circuits of 50 \xm in line width, 100 t um 
pitch and 18 [xm thick were connected to each other over 
a width of 2 mm while heating and pressing them at 160°C 
and 3 MPa for 10 seconds. Here, the circuits were 
connected by putting the adhesive surface of the 
circuit -connecting material on the one FPC, followed by 
heating and pressing at 70°C and 5 MPa for 5 seconds to 
make provisional connection, and thereafter peeling the 
PET film and connecting the one FPC to the other FPC. 
Examples 2 to 4 

Circuit-connecting materials were obtained in 
the same manner as in Example 1 except that the 
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trihydroxyethyl glycol dime thacrylate and a phosphate 
type acrylate (available from Kyoeisha Chemical Co., 
Ltd.; trade name: P2m) were used as 

radical-polymerizable substances and the solid weight 
ratio of the phenoxy resin/ trihydroxyethyl glycol 
dimethacrylate/phosphate type acrylate was set to be 50 
g/49 g/1 g (Example 2), 30 g/69 g/1 g (Example 3) or 70 
g/29 g/1 g (Example 4). 

Using these circuit -connecting materials, the 
circuits were connected in the same manner as in 
Example 1 . 

Example 5 

A circuit-connecting material was obtained in 
the same manner as in Example 1 except that the amount 
of the curing agent was changed to 2 g. 

Using this circuit -connecting material, the 
circuits were connected in the same manner as in 
Example 1 . 

Example 6 

A circuit-connecting material was obtained in 
the same manner as in Example 1 except that the curing 
agent was changed to t-butyl peroxy- 2 - ethylhexanoat e 
(available from Nippon Oil & Fats Co., Ltd.; trade 
name: PERBUTYL O). 

Using this circuit -connecting material, the 
circuits were connected in the same manner as in 
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Example 1 . 

Example 7 

100 g of phenoxy resin ( PKHC ) of 45,000 in 
average molecular weight was allowed to react with 25 g 
of a butadiene-acrylonitrile copolymer terminated with 
a carboxyl group (HYCAR CTBNX100 9 - SP , available from 
Ube Industries, Ltd.) by a conventional process to 
produce a phenoxy resin modified with the 
butadiene-acrylonitrile copolymer terminated with 
carboxyl groups. A circuit - connect ing material was 
obtained in the same manner as in Example 1 except that 
this phenoxy resin was used and the solid weight ratio 
of the phenoxy resin/ trihydroxye thyl glycol 
dimethacrylate/phosphate type acrylate was set to be 60 
g/39 g/1 g. 

Using this circuit -connecting material, the 
circuits were connected in the same manner as in 
Example 1 . 

Example 8 

100 g of phenoxy resin (PKHC) of 45,000 in 
average molecular weight was modified with 25 g of an 
epoxy-group-containing acrylic copolymer to produce a 
modified phenoxy resin. A circuit - connect ing material 
was obtained in the same manner as in Example 1 except 
that this phenoxy resin was used and the solid weight 
ratio of the phenoxy resin/ trihydroxyethyl glycol 



dimethacrylate/phosphate type acrylate was set to be 60 
g/39 g/l g. 

Using this circuit - connect ing material, the 
circuits were connected in the same manner as in 
5 Example 1. 

Example 9 

A circuit-connecting material was obtained in 
the same manner as in Example 1 except that an 
(^e goxy Pgroup- containing acrylic copolymer (acrylic 
10 rubber) was used and the solid weight ratio of the 



Jhenoxy re sin /acrylic 



)henoxy resin/^crylic rubber / trihydroxye thyl glycol 

type acrylate was set to be 40 



g/20 g/39 g/l g. 

Using this circuit - connect ing material, the 
15 circuits were connected in the same manner as in 
Example 1 . 

Example 10 

100 g of phenoxy resin (PKHC) of 45,000 in 
average molecular weight was allowed to react with 5 g 

20 of a monoisocyanate terminated with an acrylic group, 
by a conventional process to produce a phenoxy resin 
modified with acrylic groups. A circuit - connect ing 
material was obtained in the same manner as in Example 
1 except that this phenoxy resin was used and the solid 

25 weight ratio of the phenoxy resin/ trihydroxyethyl 

glycol a imcthacur y ~L jL U V pliu^jjliu U=» type acrylate was set 
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to be 60 9/39 g/i 9- 

usl ng this circuit-connecting material. 

circuits were connected in the s« -nner as in 

Example 1. 

Example 11 

foHa i W as obtained in 
A circuit-connecting material wa 

•n Fxanmle 1 except that Ni 
the same manner as in Example 

nar Hcle diameter of 2 um 
• «=■ havinq an average particxe 
particles having : 0 . 08 um) 

re used as the conductive particles 

amount of 0.5 parts by volume. 

• .nnnpcting material, tne 
Using this circuit-connecting 

* a* same manner as in 

circuits were connected m the 



10 we 



Example 1 . 
15 Example 12 



20 



matpT . ia l was obtained in 
A circuit-connecting material w 

• ff , a mnie 1 except that the 
the same manner as in Example 

conductive particles were replaced with 

particle diameter of 5 um. 

Using this circuit-connecting material. 

circuits were connected in the same manner as m 
Example 1- 

Example 13 ^ , ^ 

A circuit-connecting material was obtained 

the same manner as in sample 1 except that 
2 . 2 -bis (4 -(acr y lox y .diethoxv,phenvl } prc P ane (available 
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from Shin-Nakamura Chemical Co., Ltd.; trade name: 
A-BPE-4) was used as the radical-polymerizable 
substance and the solid weight ratio of the phenoxy 
resin/2 , 2-bis{4- ( acryloxy • diethoxy ) phenyl }propane /p-ko^Q. 
/■ ha ^ e type acrylate was set to be 60 g/39 g/l g. 

Using this circuit - connect ing material, the 
circuits were connected in the same manner as in 
Example 1 . 

Example 14 

A circuit-connecting material was obtained in 
the same manner as in Example 1 except that 
dicyclopentenyl acrylate (available from Kyoeisha 
Chemical Co., Ltd.; trade name: DCP-A) was used as the 
radical-polymerizable substance and the solid weight 
ratio of the phenoxy resin/ dicyclopentenyl 
ae^ clate , at io- ophatG type acrylate was set to be 60 g/39 

g/i g. 

Using this circuit -connecting material, the 
circuits were connected in the same manner as in 
Example 1 . 

Example 15 

A circuit-connecting material was obtained in 
the same manner as in Example 1 except that 
tris ( acryloyloxyethyl ) isocyanurate was used as the 
radical-polymerizable substance and the solid weight 
ratio of the phenoxy resin/ tris ( acryloyloxye thyl ) 
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are^yauuxaLgTl ^ocphQ - tG type acrylate was set to be 60 
g/39 g/1 g. 

Using this circuit -connecting material, the 
circuits were connected in the same manner as in 
Example 1 . 

Example 16 

A mixture obtained by mixing 30 g of 
4 , 4 1 -bismaleimide diphenylmethane and 35 g of 
diallylbisphenol A with heating at 120°C for 20 minutes 
and a phosphate type acrylate (available from Kyoeisha 
Chemical Co., Ltd.; trade name: P-2m) were used as 
radical-polymerizable substances . 

Phenoxy resin ( PKHC ) and nitrile rubber 
(available from Nippon Zeon Co., Ltd.; trade name: 
NIPOL 1072) were used in a ratio of phenoxy 
resin/nitrile rubber of 20 g/10 g, and were dissolved 
in 30 g of methyl ethyl ketone to prepare a solution 
with a solid content of 50%. 

The mixture obtained by mixing 4 , 4 1 -bismaleimide 
diphenylmethane and diallylbisphenol A with heating at 
120°C for 20 minutes, the phenoxy resin, the nitrile 
rubber, the phosphate type acrylate and t-hexyl 
peroxy-2-ethylhexanoate were formulated in amounts of 
69 g, 20 g, 10 g, 1 g and 5 g, respectively, in solid 
weight ratio, and conductive particles were further 
mixed and dispersed in an amount of 3 parts by volume. 



The subsequent procedure of Example 1 was repeated to 
obtain a circuit - connect ing material. 

Using this circuit - connect ing material, the 
circuits were connected in the same manner as in 
5 Example 1 . 

Example 17 

A circuit-connecting material was obtained in 
the same manner as in Example 14 except that a mixture 
obtained by mixing 30 g of 4 , 4 ' -bismaleimide 
10 diphenylmethane and 20 g of diallylbisphenol A with 
heating at 120°C for 20 minutes was used as the 
radical -polymerizable substance . 

Using this circuit -connecting material, the 
circuits were connected in the same manner as in 
15 Example 1 . 

Example 18 

A circuit-connecting material was obtained in 
the same manner as in Example 1 except that Ni 
particles having an average particle diameter of 2 urn 
20 and surface-coated with Pd (coating thickness: 0.04 urn) 
were used as the conductive particles and mixed in an 
amount of 0.5% by volume. 

Using this circuit -connecting material, the 
circuits were connected in the same manner as in 
25 Example 1 . 

Comparative Example 
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«- aT --i*i. was obtained in 
A circuit-connecting material was 

• wamnle 1 except that phenoxy 
the same manner as m Example 

resin ( PKHC) . -phenol-* epoxy resin ( y L9 B0. trade 

name of a pruu 1HP 

i=,r- mrinq agent (3941HF, 
• -^^le type microcapsular curing 
5 imidazole xyy industry Co., 

^ n-F Asahi Chemical Inaustiy 
— „ amfl of a product of Asanx 
trade name or a p 

Ltd ,„ ere - - «e ig « 

p heno*y r-n— - — r6Sln/iml Sfe 

-i „ rnr i n q agent was set 
icrocapsular curmy y 

on^ of Connection Resistance) 
(Measurement ot uonn<= 

~^t-^d the values ot 
. r - ni ts were connectea, LUC 
After the circuits weic 

resistance — adjoining -„ns of the PPC. 

having - — — P» rt - — — — < 

€r,r 500 hours in a 
■nitial stage and after keeping for 

initial stag 85 % R H. 

u -■- 4i ::::::^ «. 

,rainAc; were indicai:eu ao 
The resistance values 

,f 150 spots between adjoining 
3„, of resistance at sp ^ 

circuits, The circuit-connecting .atari 
Exam ple X exhibited a goo, connection reliability. It 
Is also in a low connection resistance at the initial 

20 stage 1 ** - — - — — * ~ „ 

. . fl( ,v test snowing a high 
the high- temperature high-hu^ity 
durability. Th e sa^e goo, rellabilitV as - t 

Example i was also attained in samples , to S 

i ^ +-h><* bonding was m 
25 other han d. in Co.parative Kxa^ple. **. 

a poor state because of an insufficient 
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# • 

resulting in a high connection resistance at the 
initial stage. 

(Measurement of Adhesive Force) 

After the circuits were connected, adhesive 
force was measured by 90-degree peeling at a peel rate 
of 50 mm/minute. In Comparative Example, the curing 
reaction was so insufficient that the adhesive force 
was as low as about 200 gf/cm in bonding strength. In 
Examples 1 to 18, an adhesive force of as good as about 
1,000 gf/cm was attained, 

(Evaluation of Storage Stability) 

The circuit -connecting materials obtained were 
treated for 30 days in a 30°C thermostatic chamber, and 
the circuits were connected in the same manner as the 
above to evaluate their storage stability. 

In all Examples, the results of connection were 
obtained which were the same as those in the state 
where the circuit - connecting materials were not treated 

for 30 days in a 30°C thermostatic chamber (the initial 
s tage ) . 

(Evaluation of Insulating Properties) 
Using the above circuit - connect ing materials 
obtained, a printed-wiring substrate having comb 
circuits with alternately arranged 250 lines of copper 
circuits of 50 fim in line width, 100 pan pitch and 18 ixm 
thick and a flexible printed circuit board (FPC) having 
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# # 



500 lines of copper circuits of 50 urn in line width, 100 
\un pitch and 18 urn thick were connected to each other 
over a width of 2 mm while heating and pressing them at 
160°C'and 3 MPa for 10 seconds. A voltage of 100 V was 
5 applied to the comb circuits of this connected 

structure to measure the value of insulation resistance 
after a 500-hour, 85°C/85%RH high- temperature 
high-humidity test . 

^ In all Examples , good insulating properties of 
10 or above were attained and any lowering of 

insulating properties was seen. 

(Evaluation of Fluidity) 

Using a circuit -connecting material of 35 urn 
thick and 5 mm x 5 mm in size, this was held between 
15 glass sheets of 0.7 mm thick and 15 mm x 15 mm in size 
and these were heated and pressed at 150°C and 2 MPa for 
10 seconds. The value of fluidity (B)/(A) expressed on 
the basis of an initial area (A) and an area (B) after 
heating and pressing was determined to find that it was 
20 1.9 in Example 1, and also within the range of from 1.3 
to 3.0 in Examples 2 to 10. 

(Modulus of Elasticity After Curing) 
The modulus of elasticity at 40°C after curing 
was measured on the circuit -connect ing material of 
25 Example 1 to find that it was 1,500 MPa. 
(DSC Measurement) 
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On the circuit -connect ing materials obtained, 
the exothermic reaction arising temperature (Ta), peak 
temperature ( Tp ) and end temperature (Te) were 
determined by means of a differential scanning 
5 calorimeter (DSC, manufactured by TA Instrument Co. ; 
trade name: Model 910) in the measurement at 10°C/min. 

In Example 1, the arising temperature (Ta) was 
89°C, the peak temperature (Tp) was 103°C and the end 
temperature (Te) was 145°C. In Example 2, the arising 
P 10 temperature (Ta) was 87°C / the peak temperature ( Tp ) was 

jS 99°C and the end temperature (Te) was 140°C. In Example 

s — 

^ 7 , the arising temperature (Ta) was 92°C, the peak 

Ll temperature (Tp) was 116°C and the end temperature (Te) 

J was 150°C. In Comparative Example, the arising 

jTJ 15 temperature (Ta) was 86°C, the peak temperature (Tp) was 

;Z 121°C and the end temperature (Te) was 180°C. 

POSSIBILITY OF INDUSTRIAL APPLICATION 
As described above, the present invention makes 
it possible to provide an electric and electronic 
circuit-connecting material having a low- temperature 
20 curability superior to, and a longer pot life than, 
those of conventional epoxy resin types. 
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